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AS L^mrt^rtfi: jw^«vds = o. 5 vgjtT-^ism^^^ff^i 

taSET-<7)|7cAtii L£ff n Z t WlT*^ i gXuiift<7>^ 1 <^SbA ft t 7? 5$*> J: 
[0 0 5 4 ] 



*>**tt*ffofc. JXic, K!CS#»lcc<7)|feiflicj:*DRAM<ottft*«P«fLfc 
[ 0 0 5 5 ] 

ttffi*«&LTiS*aiL?T n%£i(r>, tr v Hft*>«fc£fls*ttiE*.&. 0 1 7 li 

lc-7'J **-x3ttTfc9 . 7- K&WLom&Vw Hi, t>0CfcuT. T 
!6& 5 'J -fc>HVlC<7>L§WiV th (VthO. Vthl) 

[ 0 0 5 6 ] 

[85] 

V w 1 > V t h 

[ 0 0 5 7 ] 

. c ^mat i c « , Ties 6 1 ^? * ^ t . ti^>y^^vgs = vwi 

T<7>fSfamrt I d s a t icJfc^T'Mu 
[ 0 0 5 S] 

[&6] 

I c< I ds a t= (k/2) (Vwl-Vth) 2 
€Uk=(W/L) ( £ o x/t o x) m e f f 
[ 0 0 5 9 ] 

C <?> £ x hT */ M» B L 0>^fiL V b 1 ffcli x -b>l h 7 > V I 1 > 

mm* i dsux, Tieac 7 Titans. 

[ 0 0 6 0] 

[«7] 

dVbl/dt=(l/Cbl) (Ic-Ids) 
[ 0 0 6 1 ] 

t4h 7>-;x9lJ^ff^IMT-Kl^LTv^(7)T-. Vb KVwl-Vthi 1 



60 

[ 0 0 6 2 ] 

[ft8] 

I ds = k [Vwl-Vth- (1/2) Vbl] Vbl 
[0 0 6 3 ] 

ft8*ft7lcftALTfe#-f*ill. Tie$9£i#S. 
[ 0 0 6 4 ] 

[isc 9 3 

V b 1 = a • f? [1-exp (t/t0)]/[?-a-exp (t/tO)] 
ffiU a=Vwl-Vth+ C(Vwl-Vth) 2 -2 I c/k] 1/2 
£=Vw 1 -V t h- [(Vwl-Vth) 2 -2 I c/k] 1/2 
t 0 = 2Cb 1/ [k (a-P) ] 
[ 0 0 6 5 ] 

»5 fc«6*>jR£fr<b, a > ^ > 0 ^Hfc-r. ftoT, ft 9 11 , nfWtlcEL 
TT£ Griffin lftT& ^ Vbl (0) =0, Vb 1 

0 1 811, ft 9 " 0 n 7>-?tf>-fe;KOL§ufi£V t h 0 

= 0. 3 V. 11 1 M t*- ?<7>-fe*<7>L £ufI£V t h 1 = -0 . 3 V. * *--fe 
'K7>L£uffife V t h d = 0 . 0 5 V, kf v MSlSi^C b 1 = 1 00 f F, -b 
iUttffi*>fy»ftS*k=2. 0X1 0" 5 (A/V 2 ) £ flxSE U ifc I c = 0. 
9Idsat = 13MA. Vw 1 = 1 . 5 VfcffluT, "0"f-?wi:§^^ 
v hUmJBEVb 10, " 1 " 'F-JntZWv h$«EVb 1 1 *tl?tl 
nit^MRV s i g 0 . Vsig 1 JkV^MV v h^^mffVb 1 dfc^ic^L 
Ti>6. C<^i^*jb^, "7- Kfcfc&^tf T^<o, 10nsecii:« 100 
mV^fl-^ft^'otlTv^ £ t frbfrZo 
[ 0 0 6 6 ] 



[0 0 6 7 j 
[0 0 6 81 

t = 0tcin>T, pn$£li. p/1, n/I#lc2. 2VT-¥MW;m\z$>h bt 
h. t>0T\ nil* 0 VIC Itzt giC^tfo^'i^ (pli) ^Mik V 

1 0 

[ 0 0 6 9 ] 
[ft 1 0] 

V 

t=-CJ dV/l 

vo 

[ 0 0 7 0 ] 

::t\ I I £ p n*g£*>«iirc*> 0 » Tffift 1 1 TftS ft*. 
[ 0 0 7 1 ] 
[ft 1 1] 

I = I s [exp (V/, • V t ) - I] 
[ 0 0 7 2] 

ftlllcfcuT, I s ttffifnttift. v It 1 -2<7)^<7)^ft, V t (T 
hernial Vol tage) TiO, Vt = kT/qT*5. 81 148 1 
0lcttALTll#-f£ t . TKttl 2&Whti&. 

[ 0 0 7 3 ] 
[ft 1 2] 



V=,-Vt - In [1/{1- CI — exp (-VO/^ -Vt)] eip (-t/tO) } ] 
[ 0 0 7 4 ] 

tOli, tO = C • i • Vt/I s htiZtif & 1 

2*. Jtm 1 3<n®\§.*m^TmmMitzfimt>^ m 20x^6. 

[ 0 0 7 5 ] 

mi 3] 

I s = J s • A j 

J s = 6 . 3 6X1 0" 5 A/m 2 
A j = 0 . 0 1 n m 2 
T = 8 5 t 

V t = 0. 0 3 0 9 
r> = 1 

t 0 = 1 0 . 7 s e c 

V 0 = 2 . 2 V 

[ 0 0 7 6 ] 

0 2O*>»ftftJMg**<b, " 0 B «§&*"^ lnsecggT'HMp 
[ 0 0 7 7 ] 

5tic, " 0 " mz&&<nmn&\z®iT. mi 6$#lLT , 7-h'ifii^^• 

[0 0 7 8] 

■b'H^7>yX^r-hi:SOI gflx^n, * (pli) <^^<7)^fiSfSi 



[ 0 0 7 9 J 

mi 4) 

Cgb/Cox=l/Cl+2- lD 2 (Vgb-S)/Vt] 1/2 
[0 0 8 0] 

y- hWtitm<n&&mn%rz *> nBmc o x \t. mmme o x tmtmm t o 

x£/fjoT, Cox= £ ox/toxTi$fti ( lDli. ^MKDeby 
e Length) LD^, y=( £ si/ £ ox) to x T-#U&ftSL fzfcftTt 

&T'2> r ). rim 1 5T4i.^tis. 

[0 0 8 1 ] 

m 1 5i 

1 D= ( e o x/ £ s i ) LD/t o x 

= ( e o x/ £ s i ) CkT • £ s i / (q 2 NA) ] 1/2 / t o x 
[0 0 8 2] 

::T\ '<7>-n ^WT^&tticj: Dms. IP"** » 1 4 li* ? 
[0 0 8 3 ] 

mi6] 

wp=- 1 + [l + lD 2 (Vgb-5)/Vt] 1/2 
[0 0 8 4 ] 

::T\ V g b = V F B (7 7'Vh'OHlff) T » wp = l Dt^6J:vo 

[0 0 8 5 ] 
[ft 1 7] 

1 D = - 1 + Cl + lD 2 (Vgb-d)/Vt] 1/2 
[0 0 8 6 ] 

C^Sl 7 ^fiP < i: . >-*d l*T£»l 8t4S. 
[0 0 8 7 ] 
[ftl 8] 



6 = V F B — ( 1 + 2/1 D) V t 
[0 0 8 8] 

»14fcR18*e>, C«btf)Vgb«#ttii^ft^ft*K ztiliJkie&V 
g b<7>^M£^-L&u 0 f ;t\ r-h • v-xTOVg si'h^yX 
^LiufiV t h^lSi-fcii^lcii, C g b = 0 fc?£fc#lC, Cgb/Co 
x ft* 1 £&;c£it£lcliC*l* 1 tiaili^t^UT, EttftVg b ^fllC 
Jtt*C g b*>fi*tm?*. 
[ 0 0 8 9 ] 

h *>i§&lcouT, ^*>fcj(g*T**. tox = 2. 5 nm, NA=5 

X 1 0 n /cmK UmS 5*C. VFB = 0. Iv, V t h 0 = 1 . 5 v, VB 
= -0. 7 V . Cox = 0. 1 4 f F . C j = 0 . 0 8 f F T£> S . 
[ 0 0 9 0] 

-fi. y-MlJE<7)^ftAV«lcWr<&^* * <7>mft'£ftA Vb tt, TIB81 

9 n-6. 

[ 0 0 9 1 ] 
[SI 91 

A Vb = CCgb/(Cgb + Cj)] AVg 
[ 0 0 9 2] 

. Zh*-feblT. $ 1 9££ff*?£i:, 82 0 jt>«ft<btt*. 

[ 0 0 9 3 ] 
[82 0] 

AVg= (1+Cgb/C j) AVgb 
[ 0 0 9 4 ] 
8 2 0 TieS 2 1 

[ 0 0 9 5 ] 
[82 1] 



Vgb 

Vg-VgO=J [1+Cgb/C j] dVgb 
VgbO 

[ 0 0 9 6 ] 

»2 1 *m%&t.&t. »2 2 

[ 0 0 9 7 ] 
Eft2 2] 

Vgb 

Vgb-VgbO=(Vg-VgO)-I (Cgb/Cj) dVgb 

VgbO 

[ 0 0 9 8] 

Ctf>&2 2£tmt*U^ r- N«J£Vw 1 (7- KM) ^mffgffc A V g 
^A-;^nffVB^tAVb 6. " 0 "r-^^-b'Kco 

UT, 5fc<7>!32 1 <7>tm<7)Jt£fc [a]i: m-7 >- 9£tt<7>TT-fmLfclS#£. m 
2 2£^t. C^S^^Rl^- Kfc* 2 . 0 VT" 0 w g£&**ffu, 
^>u*£-0. 7VICU -7- K&£-2 VlcTtfT^-^ftEft-Si:. c<7>£ 
2 . 1 VlcftftS z t frbfrZ, Hlc *7- Kfcfc 1 . 0 V 

, " 0 " ?<7)-fen,ic-oi>Tli. §rc«*ft L"? lcii#§]AA^ck 0 ^mfeli 
t£oTlrc&tt} Lv->;> ab* 0 . 2 V&-b*6 C t left*. 
[ 0 0 9 9 ] 

[5l*i<7>ffg£, " 1 " t*- ofc*5#*. 13 2 3 ic^-fo £fc 

zntZnB&C gb ^)lJIVg b $#14£S] 2 4 ic^t. > - 9 \t 

0 2 1&V0 2 2<7>*^kimCTft*. " 1 " t»- ?tf>jf£\ 
*fli0. 6 Vic 49, r 7-K*ft**-2. 0 VT'fttfS n*1*J»Tli>t* *IJ, 
-1. 0 VIC 4 6 C i: -5. " 0 " ?(7>g#&*tt x maOlc^^^m 

0V£T? "0 tt *§^T-l. 5 V JiTTtf £t^v 

0 Vlcj^t t §<Op njf &<D§i;$ >v ~f >J > r -v 7>J > rjfcli 18%) T* ^ 
'^110. 3V1^D, -0. 7 V ic 4 S. $ o T 13 2 2 <r> " 0 " -P- 9 



[0 10 0] 

, {i 0 " m%&&tm% >i 9 Wf& I sub^fliELT" 1 w -t*— 7 £ # 

LTV^C 

[0101] 
[ft 2 3] 

lsub=Is [exp{V/(,-Vt)-U] 
[0 10 2] 

I s u b = 1 4 n A, I s = 6. 36X1 O~ 20 A, V t = 0 . 0 3 1V, n 
= 1 . 2£f\A?& t s V = 0 . 96V$#a. ?mteli " 1 " "7* 

-9#§iAAit^li 1 V]£<£>0, hfy hlftft'l. 5 V^-bO VlcT^oT^-v 
-7'-l>rT0. 3 VT^it LTt. 0. 6Vtiii>»), f^^-ft-Fw 
IK^(Sim-3tllCj: 9 , 0 . 6 Vlc£*. IP*,, HWfclc " 1 " ?-9mB&*&'& 

<7)j*>i >?m&i$. o. 6 vicfcoTu* t #£<bns. 

[0 10 3] 

CC*Ttmu)\ 77n^OKiff$VFB=0. 1 V Lfcjf£-?*>£. 

cms, soi ^tix^pM^ «; =j>i±icpM^ b ^>- «j ^>ic ur- 

•f= Ctf)Jt£\ 7 77h'Oh-|Eii > VFB=-1. IVi:**. 
[0 10 4] 

0 2 5 tt» "1 " ?-H<Hcwt, §*C g b -HJIV g b 
T'3h6, 13 2 6 ttl^ttlc, " 1 " ?-h>UcouT, -7- KHftflfcJEEVw 1 k ^ 

It, ft<r>m 2 1 Jkum 2 2<7)M&t®ttX'&h, u-fti^b, LSuffiliV t h 1 
= 0 V £ LTu 5, 
[0 10 5] 



zn<b<n&#frt>. " 0 w ■7*-?*>L§uf6V t h 0= 1 V £5iftT- § £ <b<7> 
tlX. n- KtftttS§&Ai$ 1 • 5V, IrcAJiiLBfO. 5VT*J.S. 7-?^ 
}f^<?)'7-FiiE$-2. bVtttllX. " 1 " -7*- 9 \t. -0 
. 8V*TT*«*. &oT. pl^S^'l^y-h^fflufc, VFB = 0. 
1 V^H^lctk^T. H-^-KttiWCWLT, 0. 2 V£lt^fUlc££, 
[0 10 6] 

0 2 7 t@2 8li. little " 0 " -f- 5^>i (CooT. F B = — 1 . 1 V<7)if 
^<^§iCgb V g bfttti:. -7- H»«EVw 1 ^«JIVB^14 

L§vWtttx V t h 0= 1 V t Itz, " 0 " t*- 

filers p ninW^'V^'J > 7\z & *) n 9 M&lt 0 . 3 V _hfr* 
0. -0. 5 ViC&oTO£*b<7)fc^£LTl>£, C*>lf£<b. §§&*B^ r 7 

. 1 5 V£lt0«U -0. 6 5Vi:t'oTU6. 
[0 10 7] 

[0 10 8] 

[HI] 

V w 1 ( r e a d) = 1 V 

V w 1 (h o 1 d) =- 2 V 
Vwl(write)=2V 

Vb 1 ( " 0 " w r i t e) =- 1 . 6 V 

V b 1 ( " 1 " w r i t e ) = 1 . 6 V 

V t h 0= 1 . 5 V 

V t h 1 = 0 . 5 V 

" 1 " -r- ltif<7>'*>l ?ffiVB=0 . 6 V 

" 0 " -r- 9tn,<nffi*ft m<r>^>i ?ifiVB = - 1 V 



[0 10 9] 

[H2] 

Vwl (read)=0. 5V 

Vwl (hold) =-2. 5V 

Vwl (wri t e ) = 1 . 5 V 

Vb 1 ( " 0 " w r i t e) =- 1 . 4 V 

Vb 1 ("T'wri t e ) = 1 . 4 V 

V t h 0 = 1 . 0 V 

V t h 1 =0 V 

" 1 " -y- 9 -bn,<7>m*ftltiF<7>'**> ^ttVB=0 . 6 V 
" 0 " T*-9*z>i<nm*ftLm<n>*>i ^lfiVB = -0. 6 V 
[0 110] 

kl±<ofil , 2lc*n>T, " 1 "f§iAA|^^niM^Vb 1 ( 

" i "wri te) it smnm (*->imm tm%&*i!tm-oft%.2ti&'< 

(A) L §WIV t h*>tt<bo§£/M < -fa c i: 

(B) > * «; -h*mifi£fi£fti-£ c t 

( c ) C j/Co x<7)gij££/jv£ < ? * 
[0111] 

( A) JkV (B) \zmiT It. :C^TAV th = VthO-V th 1 = 1. 
QV*UfelTuht)\ zfiltO. 8V-0. 6 ve«iTJKL < MiBTSSnr 
Btt ***>.&. AVth = 0. 6 V^I1T'§ -5 ttlli, , 7-K»fi(B%2Xl 
• 2V=2. 4 VJT'/Jv^ < W £ <b il S of fttt 
UlTTIi, (C) lcooTMlc#fl-t£ 0 dfttt, A V t h<7)^-y>*U 

[0 112] 



(C) ^Wlticii, SO I mm<r>-> 'J rj>ltf>J?AT s i fc, ZiiiTffl^L 
T§f:l 00nmJ:9HlcSI<?*3i:* c tl i: lCsXv*ti:&£lc, nSv- 

p n&£li «fc »K p nH^giC j < 1 6 - t lcttJ£? 

[0 1 13] 

f :T\ ^tl*T^ttSElcfflufc^^§fiC j =0 . 08 fFlc^boT, C 
j = 0 . 0 4 f F fc¥$Hc LfcJ§£lcouT. Cgb-Vgbftih V w 1 - 

vBft»«, f n? nil 2 9 3 oic^t. c j w^^^frii. 023^^ 

13 2 4 fclSJUT* 0 , r- hmiilipS^ H B B > »i n>T*>*. Cj=0. 04 
f F It, > 'J ^ 5 0 nmfc L fci§£lc*8 i ? 6 . 

[0 114] 

C<7)*SH^<o, " rf-y-bticovJT, 0. 6 V*>>** tm&fr^B&Z 
tltz'&. *7-K»%-2. OViTTW^k. ^?m&li-l. 3V*TT*> 4 
-5. 1 V ZT-Jtf aiC'&WSr^- KflUBft* Wh^- 9 

ftft\z&%% r 7- KttttfcVw 1 (hold)fl, Vwl (hold)=-l. 

[0 115] 

ffltflc, " 0 " f-n'Ucov^T, C j = 0 . 04fF*ffl^fc»^C« 
b-Vgbftii:, Vwl - VBfti^, fiif*i03 1&V03 2lc^-f 0 C 
j Wft<o£fMi, %<r>m 2 1 &tfl3 2 2 <7>lf£fc|*|e T-<fc£. 
[0 116] 

W±<t> <* -?lc. 0v>^ ») (Ts i=50nm) «SOI gtfx£ffluT, 

C i ^/Jv^ < Lfc*^DRAMt*o||^^ 4 1 icttf&S itX Z tdbh 
t , TfeH3<7)<* i ic 4-6. 
[0 117] 

[H3] 

Vwl (read)=0. 8V 



Vw 1 (h o 1 d) =- 1 . 6 V 
Vw 1 (w r i t e) = 1 . 6 V 
Vbl ( H 0"write)=-1. 6V 
Vbl ("T'wri te)=l. 6V 

V t h 0 = 1 . 3 V 

V th 1=0. 3V 

" 1 " f- mto'ifi, ?lfiVB=0. 6V 

" 0 " -r- 9-b*^)|g*aj I %f<7)>*>l ^itVB = - 1 V 
[0 118] 

W±^JB*^^>. >'i3»>/i/fATs i«100nm*^5 0 nmt^^lcl 
< IT§1C j fc'hS < -th t . r 7-K»B*fi*4 Vi)^3. 2VJT'ilT§ 
SZH'bi)^. aB"t^§tt, CRM t LT, T'-f " 0 w . " 1 M ^L§vM6 
^)iAVthtLT, 1 V£5fftT§TU£ C 
[0 119] 

SO I mm<n-> ') 3>1£HIC3 0 nmlSiTSKTSfttt, HCftSJEfc 
[0 12 0] 

0 3 3 1*. ^'^IfiVB^-lVH. 6 VTtf> L § ufi<7>^§ A V t h 

x = 2 . 5 n m. iBJ$ *>* T = 8 5 *C a . 3tl^«b, AVth=lV$ 
Btfft<6fc*>IciJ» N A = 1 . 0X10 1S /cm 3 lI^fT^^: b&bfr 
4. C*ili'>U ^M^itgjb*iIt§*<5£#K NA=0. 8X1 0 l8 /cm 3 lc 
SfcS: L T x AVth = 0. 8Vi:t4, ft 3 0>gftftfcfrtt'> L ITE 3 

ti, TiEfl 4 co j: i \z 
[0121] 

[f*4] 

Vw 1 (read)=0. 7V 



Vw 1 (h o 1 d) =- 1 . 6 V 
Vw 1 (w r i t e) = 1 . 4 V 
Vb 1 (" 0 " wr i t e) =-1. 6 V 

V b 1 ( M 1 " w r i t e ) = 1 . 4 V 

V t h 0 = 1 . IV 

V t h 1 = 0. 3 V 

" 1 M -f- 9 4z>i<r>3t&lli l£f<n^>i ?1|teVB = 0 . 6V 
" 0 " -r- 9 -b'Knfib&ft m<7y>s>i ?ifiVB = - 1 V 
[0 12 2] 

H4 Ic&ut. " 1 " #^}A^^f<7)e v httu Vb 1 ("l'write 
) 11, 3£«*»t (*-*«»t) fc»SiiA^fflT»*<bfc*>. 1. 4ViifS^g 

i s u b^j^-^1-3 tic* o , znnmni&miEitfr^mt^ztotiz. 

[0 12 3] 

±<7>ifjfF&#T'ta, -k* h 7 > x X 9\Z&2>m±mE&. 3. 0VT*4. y 
- h®1tmi$l$T o x = 2.5nmi:LTfc r K ^xr- h jfcftJSlc li . 1 2 
MV/cmS*^)«R*»« " 1 n ?-9m%&A<7>m®£frfr*) . fc«ttlc*# 

[0 12 4] 

H&<5ffltmJEffc<7>fc*>lcii, SO I £JR*>x 'J nym<r>% AT s i £3 0 nm 

v-2. 5 vnmzT-n&m&itfr^mt&btih. 

[0 12 5] 

m 3 3 LtvWi^HA V t h <o § icfltfiiT § 6 M 1 w &*-fe* h 



*i?ft0 3 4JkU®Z 5lc^-f. ^'immit I d s 1 = (k/2) (A V t h/ 
2) 2 lc ^ O^^Tv^S. iro^tBLEf^A t II, ScAttL^?- K8W 

fi^VthUVthO<7)^^l:^LT, " 1 "f-?«t^^t>^ 
% §MC b 1 = 1 00 f F<7)tf -v hi$7'') ft-y*ifi6^2 0 OmVKlt 

Z^^S^b, N A = 6 X 1 0 ,8 /cm 3 lc:fcuT. I d s 1 = 1 . 4 * A. 
A t = 1 5 n s e c a*£<b*iT u S. 
[0 12 6] 

H 3 6 li . " 1 " ^- ^ -fe * <r> * - >u h* if <o * ? m<fc V B ft* L § iMI V t h 

o x = 2 . 5 nm. *tt«l*«N A= 5 X 1 0 18 / cm 3 , 7?n'0 Klff 
VFB=0. IV. " 1 B f-^A-i?ifiVBl=0. 6 v. y- hgHtu 
§iCox = 0. 1 4 f F . mS&AC j = 0 . 04fFT*&So Sfc^-Ktt 
CO*-* Ktttttt, Vwl=Vthl-2VTJ>5. 
[0 1 2 7 J 

d<7>*S#jt>^, Vth 1=0. 5Vi2l±Tti\ *-*F^^<4^fillVt 
h 1 fc#IC±#LTl>£. VthKO, 5VT*li. ^^^«ffcli-0. 93V 
CtefDLTU*. Ctlli. VthKO. 5 VlUTtT"7- K «l jt»« T -5 § 
*C g b Jb'Y- hKfc«S«C oxl: LTtafrt* d t*MMlT\*Z. 

lot, 77";hOFlEVFB = 0. lV<7>h§. o * 9 Y- h p 
m&fi§kv ') 3>^<50t§, VthKO. 5 Vlcg^t^§T-*>^ 0 -7^. A 
Vth = VthO-Vthl=0. 8V^IffT'^:U^i)STU^T\ 

V t h 0< 1 . 3VT'*»^ 0 V t h 0 = 1 . IV. V t h 1 = 0 . 3V 
l;il|v>jiI^T-£>£ i:fi4. 

fell^ftft* -f > K££fcy>£fc. Tffift5 "? lc& 9 . ifc-r^M*'*? 

TfeU 6 <r> <* •? ic & h . 

[0 12 8] 

[115] 

V t h 0= 1 . IV. V t h 1 =0. 3V 



Vwl (read)=0. 7V 
V w 1 (h o 1 d) =- 1 . 7 V 
Vwl (wr i te) =1. 5V 
Vbl ("0"write)=-l. 5V 
Vbl ("l"write)=l. 5V 
VB (" 1 " r e a d ) = 0 . 6V 
VB ( " 0 " r e a d) =- 1 . 0 V 
VB("l"write)=0. 6 V 
VB("0"write)=-0. 9 V 
VB ( " 1 " h o 1 d) =- 1 . 0 V 
VB ( " 0 " h o 1 d) =- 2 . 4 V 

Vmax = 3. 2 V (*IJ?WLt " 1 " £ § B L t <D ffl<7) V d s ) 
[0 1 2 9 J 

[H6] 

N A = 5 X 1 0 18 /cm 3 
t o x = 2 . 5nm 

***>HIL = 0. 1m m, * * *jh|@W = 0 . Imiii 
T s i = 5 0 n m 

k= (W/L) (eox/tox) (.ef f = 2. 0X1 0" 5 A/V 2 
[0 13 0] 

cot § DR AM-b>K7>§5S<*tb Lffteli. v h $§*C b 1 = 1 0 0 f F ic 
, 2 0 0 mV^m&££-3tt£ £T-8f I^jK At=15nsecJ:t^. 
[0131] 

El 3 7 . VFB = -1. 1 V<7>i§£ (IP*>, nlMg/ ') n>y- Kcoif 
£•) icoux. |g]*ilc " 1 " 7*- ?-b^<7>*-4, KBfo^u ?m&VBjb*L£u 

|5]*iT*>£. z<7>M£ri>. VthKO. 5 V t ? § C t fryjkl&Z tli. Z<n 



7 R 8 t £ £ . 
[0 13 2] 

[H7] 

Vth0 = 0. IV. V t h 1 =-0 . 7V 

V w 1 ( r e a d ) = 0 . 3 V 
Vwl (hold) =-2. 7 V 
Vwl(write)=0.5V 

V b 1 ( " 0 " w r i t e ) =- 1 . 5 V 

V b 1 ( " 1 " w r i t e ) = 0 . 5 V 
VB (" l"read)=0. 6V 
VB ( " 0 " r e a d) =- 1 . 0 V 

V B ( " 1 " w r i t e ) = 0 . 6 V 
VB("0"write)=— 0. 9 V 
VB ( " 1 " h o 1 d) =- 1 . 0 V 
VB ( " 0 " h o 1 d) =- 2 . 4 V 

Vmax = 3. 2V (ftmnVfLb " 1 " * § & A B L t <d^<d V d s ) 
[0 13 3] 

[*8] 

N A= 5 X 1 0 U /cm 3 
t o x = 2 . 5nm 

***'UjlL=0. 1/im, *-v*>nBW=0. 1 n m 
T s i = 5 0 n m 

k= (W/L) ( £ ox/tox)/.eif = 2. 0X1 0" 5 A/V 2 
[0 13 4] 

C<?)fc § DR AM-b'K7>^*iB LfttetiU * v hi§ICb 1 = 1 0 0 f F ic 
x 2 0 OmV^mfi^^olt^ £?B?ffl)K At = 15nsecU-5. €U 

V b 1 ( " 1 " w r i t e) fr»0 . 5 VT+a«r£1R«E I s u b 



U§vM4V t h OlcWLT. ISiAA^^-Fil -<^Vw I (wr i te) 

vmzzfrs zntitn±\z " 1 B b&z h x v hiifivb 1 

CTwrite) J^^^-HfttfiVw 1 <* 0 <tfi( < «r*»£tt* Vm a 
x tt . V b 1 ("l'wri t e ) - V w 1 ( h 0 1 d ) Ti* * * . tL, Vw 
1 (Write)^Vbl ("T'write) T&titt, Vm a x = Vw 1 ( 
write)-Vwl(hold)T&D. ftfMIfffcfi/NftT § -6 . 
[0 13 5] 

W_L<7>tmtiU *< *T«3|l®«rDRAM-b'Hcov>TT*)*. URSli* 7u 
[0 13 6] 

*3£. ^tHHA^lc* 9 g§ffc£*ifc 0 . 1 7*tmi-^ 2 5 6 Mb i tDR 
AMJC^^TU^h7>x-X9^L§vMiVth<7)Ji'bo§li. AVth = (2 

e v t h i 2 ) 1/2 =± 2 o Omv %tbhz. ::t\ v t h i <r>nm\t. T 

fen 9<?>3a 

[0 13 7] 

If* 9] 

dVthSx=±7mV: 3SJR*>K->o h£lft 
aVthWel l=±65mV:^x* -(t>aA^fii 
a V t h S r f =±2 1 mV : ^ffiiM-f t>aA$iJ 

a v t h s a c o x=± 9mv : $mmitm!$%m 

a V t h T o x=±5 9mV : Y- h &fl:Jg0£ift 
avthWef f=±100mV: H» 
avthLeff=±148mV: 
[0 13 8] 



cftfcWicfc. umz «k h L § WiV t h^Xift^^Uti*. -7 - V t 
K»U -^fcHPglcLglWiV t hO > V t h 1 ^ttfHIfct- * - LTft* J: 
*v^-7lct*3i:ib*nrgBT*>*. fiTRft^, V t h 1 ^t&T? £ lejtfic V t 

h o v&Ttz%mm%<7>%$. is* K»*fivw i *v t h o . 

V t h 1 <7>4>fSu ^iuicftffitiili, f <n$lftg*<&IB#lifcfcT 
■5. 

[0 13 9] 

8Vth = ±50mVfft5. C<7>if£\ p^Sy')3> 
y- h£fflufc±i!iLfcfrc*!ii L^T*)'?- HMttVw 1 k LSvWIV t h 
0 , V t h 1 fc^lM^ti:, [33 8c7)ck-7lc^l>. SS^fiNcff-? L§ufi 

[0 14 0] 

f- *y ~f ft <D -fe * h 7 >y^ 9 L § Wft<7> <o o § £ 6 V t h = ± 5 OmVfc L 
fct§, ifM&-fc^T- " 0 " , "1 l> *0L§iWiV t h 0 . V t h 1 <jo^**A 
Vth (nom) =V t hO-V t h 1 = 1 . 1V-0. 3 V = 0 . 
ktik, ft«*frw-b*|ql± (SVth + =50mVHVt h~=-5 OmV 
) ?^L8v>Iw§A V t h (m i n) tiU Tte&2 4i:=5:4. 

[0141] 
[ft 2 4] 

AVth (m i n) = A V t h (nom) - (8Vth + -5 Vth") 

= 0. 8 V- ( 0. 0 5 + 0. 0 5 ) 
= 0. 7 V 

[0 14 2] 



[0143] 

zr>¥iW\zj:Z 'i *>ntfflm<n* die, Jliff iftic#®®trc<*aj U-i> 0 a 
H3H^^tB LT'i.^. 039 li, Z<r> > * 'J -b 'U -fe * ftUfcfUffl L fc-b > x 
t>7<^>u h#ij£^t. ****** v M»BL. b BLli-fe>xr>^S 
A^MiJlcffilLT, *-7>e«v S&TjzU LTi>£. * *v h &**B L . bB 

f-ro". "l tt ^^ffl©*^^ ^ifi^^is^^) t *s. 

[0 14 4] 

B^fllTli. -o^tr*; MIJ*BL. bBLfr»gflr-hSGIcj:»>£jrc<?*l 
T-oco-h> xt> 7*S AlC$lrc£ £>£-fe> 7>t> -7SAIO*&*£ * v 

£\ -o^- K$|WUc efc 9 |H]Bf iCgjR;? n§ 4 1@<7> > * ') -fe'HWC lct*LT 

C<n J r'-9<r>^%^ HI5lC-fe> XT>-/SAT^tB^tl^<7)tiZloT^> r ) , $9 

mnx-it. mn<nvR amicus * •? &wREg*m LTtt4ufcft, c^tt* 

[0 14 5] 

fcZ^T', C^I^Bflic J:£ DR AM-b'U* 0 . 1 » m >i - >i <r> D R AMttn 
LTMt £±?li. ftoro M££ 5 c £ ^Sllicii. 

• fcfrl : M'MTX#]3l*-f-fric;fiJffi*6Cfc 

[0 14 6] 



(Tft-/?!*) NA^Ul*. NA=5X1 0 
U /cm 3 WM^5, 3^>¥1it*a4 1 CJ: 9ftiW"t*. 04 11*. 
?m&V BfcNM0Sh7>yA^<7)L§^IVth fccol'-^^T ?-fe-7?^g 
N Ale* OgfcSfi^fc^LTuS. 
[0 14 7] 

TH-Z^BU^NA l<7)fc§, "0". " 1 " 7-9<nl §uftmJEE££ A 
V t h K CftJ: 0 t&uT ? -fe^^ii^N A 2<7) t %<r>L § A V t 

h2kt6k, A V t h 1 > A V t h 2 «r 6 . gP , " 0 " . " 1 
L §ufimff:££*§ < -tsfcafticii. t ? -fc ^ 9 ii^^*> hnmxtm \^z t 

NA=5X1 O n /cmhi±.<r>T ^^y'^mftmmt. =f-**>i£t)* 
L=0. 1 jtmiS^MMOS h v > x 7 T-<7)fiill£i/]fF£fT fctf &lc^£ 

[0 14 81 

3X1 0" 1? A/cm 2 ^TlcWx.^Ci:^^Wlc^^. 'J-?l 

mn^m,%\t. 2. 5X 1 0 W/cmkmc#P£^tfttf&<ofto 0 etili, 
m®<7>T ?-b7?iI^fc*NA = 1 . 0X10 'Vcm^TT'MT-ll, 

. 1 . 7X10 l V/cm(2V(?)i!^M7Xf) £ & 0 x 2 <7>^fS£Sf 
[0 14 9] 

134 01*. WJkt) j: i KWfxtZlktt- 1 . 2£$t£t^1±£t#o3m<7>ff**i 
60DR AM-fe^MC c7)^iH^. 0 lie ftl&S LT^S, 13 1 <F> -b n, t 

<7>*BiSti. piy •) n>n 2 frh%z>'n *®mz&z>. w^znmMnmm 



14,15 &^li*ftfc****£7J|fiJtf>4»*g&lcEE3 *ifc#p>ji* (7> 
fc*fcv>p + 3!ffifRII 1 2 b t/)^MLTu5. p + illi 1 2 b 
II, EStox 'J 3>®^tlgl 1 \zM?Z®2\zBf£$tn\*Z>. 
[0 1 5 OJ 

iMlttff^fiuZo^NMOS h 7> x X^T-^A^ff^cSoTi**. 3 
£#*>L§i>fll«fftt, *^^p + iMi 1 2 b ic <k 0^S£$ fi6o -fi. 
K u 'f > s v-xli| 14, 1 511. ffiS/gap^&l&JI 1 2 a kwBfp n 

[0151] 

IBfifctttn LT, 042(a) (b) ic^1-<fc^ic, nllti ( P*-«« 
ND) tpilfl (t 9 Jz~7 9 H/$N A) <7)pn$£lc, *JBE V<7>i*>M 7 * 

It&t&K&u (abrupt junction) tfo%.?Z. 0 4 2 ic 

yy^fsn^RU. nmtltplIti^^ED, EAtt, R25T* 

[0 15 2] 
[IS 2 5] 

d 2 0D/dx 2 = - (q/2 e) ND (-xn<x<0) 
d 2 tfA/dx 2 =(q/2 £ )NA (0<x<xp) 
ED=-d*D/dx (-xn<x<0) 



EA = -<WA/dx (0<x<xp) 
[0 15 3] 

D 

[0 15 4] 
[ft2 6] 

ED (-x n) =0 

(-xn) = 0 b i+V 
ED (0) =EA (0) 
* D ( 0 ) = « A ( 0 ) 
E A ( x p ) = 0 
0 A ( x p ) =0 
[0 15 5] 

ztih<n$Ln%fr*\iiX. ft2 5£ff < fc. Kn$L2 l&WbtiZ. 
[0 15 6] 
[«2 7] 

ED=(q/ £ )ND-x+A (-xn<x<0) 
*D=-(q/2 £ )ND- x 2 -A - x + B (-xn<x<0) 
EA=-(q/e)NA-x+C (0<x<xp) 
0 A= ( q/2 e ) N A • x 2 -C • x + D (0<x<xp) 
[0 15 7] 

ft 2 7 lc*v>T» A-Dli, ft 2 6 * ft ft 2 7 

8?£ft2 6*>«?iL&fr*>5$lcftA-tft fc. /X<7>ISC 2 8**#<b*lft. 
[0 15 8] 
[ft 2 8] 

- ( q/ £ ) N D • x n+A= 0 

- ( q/2 e ) ND • x n 2 + A • xn+B=0 i+V 
A=C 

B = D 



- (q/e) NA • x p + C=0 
(q/2 e) NA - xp 2 -C • xp+D=0 
[0 15 9] 

ISC 2 8 li x 6@w**DaTftS, xn. xp. A. B, C JkVDK&fet Zft 
U^T'lhh* Zti*M< zt\z&>) % Tfe&2 9£Hl£o 
[0 16 0] 
[ISC 2 9] 

x n = { 2 £ NA (0b i+V)/qND (NA + ND) } 1/2 
xp={2 £ ND U b i+V) / qNA (NA + ND) } 1/2 
[0161] 

[0 16 2] 
l»3 0] 

Emax=A=(q/e)ND-xn 

= {2qNA-NDUbi+V)/ £ (NA+ND)} 1/2 
[0 16 3] 

££m£fc<n^W=xn + x pli. )X<7>S3 1 

[0 16 4] 
[«3 1 1 

W= { 2 £ (NA + ND) (O i+V) /qNA • ND} 1/2 
[0 16 5] 

iS^W, 0 4 2 (b) lc^Lfc<fcilc£&. 

W±<^<f&rt*53Uc£o*uT, &IC04 3(a) (b) lc*? «*7lC, pi 
& ft! ft*. 7l}T?-b7-5'iij£NAt{&T?-h-/-?iigna #^*lTv>£ 
Jf££#ft-t6. etui, 04 O^ISlfc^/B^fc'i'ftii£iim* K u -f i'&S- 
il^flliiictBi-*-*. c«?)i8&1, j*^tt.f»S^T*Stwi:t5. BE VIM ft 

£o pi!&i&JBlc&***S;£l<7>&J|*}ftlIX p tt. I&t *-fe7*»J£n a <7>^lt^ 



z<nt$. *7V>^&m^li, &2 5lcjhtLT. pifii^lT 
*fc7?gjgNA<atfiafciftT*-fe-/7®|£n a <7>1>I$lc # IfT 6 Z t \z J; 
9 , iX*>&3 2t^4, 17 NA<7>4Sffitf>Hlft* A, m^EAlcft 

LT, tT n a^^I^^m^ , m ^ £ *i ? fttf a , EaUTf 

?. 

[0 16 6] 
[S3 2 J 

d 2 0 D/dX 2 = - ( a/2 e ) ND 



d 2 ^ a/dX 2 = ( q/2 £ ) n a 



d 2 <* A/dX 2 = (q/2 e ) N A 
ED=-dtf D/dX 
E a =- d 0 a/dX 
E A = — d 4> A/dX 
[0 16 7] 

[0 16 8] 
[ft 3 3] 

ED (-Xn) =0 
<t> D (-Xn) = 0 i+V 
ED (0) =E a (0) 
<t> D ( 0 ) = <f> a ( 0 ) 
E a (L) =E A (L) 
<(> a (L) = ^ A ( L) 
EA (Xp) =0 
0 A (X p ) =0 

[0 16 9] 
&32£$<t. TIB83 4 &*»<bft*. 

[0 17 0] 



(-Xn<X<0) 
(0<X<L) 
(L<X<Xp) 
(-Xn<X<0) 
(0<X<L) 
(L<X<Xp) 



[^3 4] 

ED= (q/ £ ) ND • X + A 



(-Xn<X< 0) 



t D = - (q/2 £ ) ND • X'-A • X + B (-Xn<X<0) 



A= ( q/2 e ) NA-X Z -E-X + F (L<X<Xp) 
[0 1 7 1 J 

&34lcin>T, A ~ F li x S3 3 *>«S*frTi*** 3 4 

$£&3 3 60tt^^^^^lcnA-t6 x <X^»3 5 fr*#«b*l6. 
[0 17 2] 
[S3 5] 

- (q/e ) ND • Xn+A=0 

- (q/2 e) ND-Xn 2 +A-Xn + B=tfb i+V 
A = C 

B = D 

- (q/e) na • L + C = - ( q/e ) NA-L + E 

( q/2 £ ) na-L 2 -C-L + D=(q/2e) NA • L 2 -E • L + F 
- (q/e ) NA • Xp+E=0 
(q/2 e ) NA • Xp 2 -E • Xp+F=0 
[0 17 3] 

I3C 3 5 . Sl^)**iRT*5, Xn. Xp. A, B. C. D, E&VF*)* 

[0 17 4] 
[«3 6] 

Xn=-L • (NA-n a) / (NA+ND) 

+ L- { (NA/ND) (NA-na) (ND+ia)/ (NA+ND) 2 + (xn/L) 2 } 1/2 
X p =.(I/NA) • [ND * Xn+ (NA-n a) -L] 
[0 17 5] 



E a=- ( q/e ) n a • X+C 

4> a= (q/2 e ) n a • X 2 -C • X + D 

E A = - ( q/e ) N A • X + E 



(0<X<L) 
( 0 < X< L) 
(L<X<Xp) 



::T\ S3 6 icfctt* x n I3\ ftlc0 4 2 op nif^lcouTjWofcnSHJfi; 
WLm^<7>££m<7>®V*^L , IS 2 9 ?H 2 *i*<b S*«^E 
maxli, X=0T*>f|§?T-*>»K Tffi$3 7T'H$*t£. 
[0 17 6] 
[13(37] . 

E m a x = A = ( q / e ) N D • X n 
[0 17 7] 

Z<nt %<r>m%^m^^\t. 0 4 3 (b) lc^L£ii*)T-*>&. S3 6Cfcu 
T v L£0lcR|')S<iEo*tt£;K aSvMiT* -k^^JISn a*H!»>4<NAlc 
ifi o'lttili. Xn = x n C tiS. 
[0 17 8] 

ft**. 04 4 12. pIIKIi<?)l7n^^ll$NA=5Xl 0 18 / 

cm 3 , t&T 2-fe7?iBJ£fcn a=lXl o'Vcm 3 . nilMw K f-lS 
£ND=1X1 O 20 /cm 3 , E|lflomJE*V=2. 0V, ^HS^^ 8 5 t t 

^ T J) l> o 

[0 17 9] 

0 4 0 tf> -fe >i \z fcu T * 1 m mT-£> -6 L , v - x % h U -f 

, Xp< 5X1 0" 5 cmT^I>:i:^T'i)4. z<7)£tt£i§£? fctolcii, 
04 4*^, L<4. 0X1 0" 5 cm=0. 0 4 m mT&lttttt&'o&u. 

L = 0. 0 2Am^ltt:^TJ>i. c <t> § , pi 
Iti^^^^l<7)f^Xp li, Mr * -b 7 ?igl&N Altaic 0 . OUm^ 

[0 18 0] 

04 4 i^lMEraa x *>E«L tfcfftt*** i: , 0 4 

5wJ:tI:45. llc^tofcg i ft EE ft L = 0 . 0 2 m m*> i: £ * £*m§l33iJ& 
ii, Ema x=9. 0X1 0 5 V/cmT-£>&. Ctltt. *«ffi£tt*7ST 
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